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(57) ABSTRACT 

A simple and inexpensive planar lighting device realizing a 
high luminance is provided, including: a light guide plate 
having a pair of opposite light entry faces, a light emitting 
face extending perpendicularly to the light entry faces, a 
plurality of hemispherical Surfaces formed on the light 
emitting face, and a light non-emitting face opposite to the 
light emitting face; a light Source disposed to extend along 
each of the light entry faces, a reflector for reflecting light 
from the light Source toward a respective one of the light 
entry faces, a reflecting plate disposed to extend along the 
light non-emitting face for reflecting light leaking from the 
light guide plate toward the light guide plate; and a lens 
sheet disposed to extend along the light emitting face and 
formed with a plurality of first ridges extending parallel with 
the light entry faces on a face thereof opposite to the light 
emitting face, the first ridges each having a triangular 
Section. 

9 Claims, 18 Drawing Sheets 
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Fig.3 
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Fig.16 
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PLANAR LIGHTING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a planar lighting device 
for use as a backlight of a liquid crystal display panel. 

2. Description of the Related Art 
FIG. 18 shows a conventional planar lighting device 1 of 

this type for lighting a liquid crystal display panel (A) from 
behind. The planar lighting device 1 includes a light guide 
plate 2 having a pair of opposite light entry faces 2a, a light 
non-emitting face 2b and a light emitting face 2c, the light 
non-emitting face 2b being printed with plural dot patterns 
2d. A light Source 3 and a reflector 4 are disposed to extend 
along each of the light entry faces 2a. A reflecting plate 5 is 
disposed to extend along the light non-emitting face 2b. A 
diffuser 6, a first lens 7, a second lens 8 and a diffuser sheet 
9 are disposed in this order to extend along the light emitting 
face 2c. 

When the light sources 3 of the planar lighting device 1 
disposed at the back of the liquid crystal display panel (A) 
are turned ON, light from each light source 3 becomes 
incident on respective light entry face 2a either directly or 
via the reflector 4 and enters the light guide plate 2. Then, 
light is irregularly reflected by the dot patterns 2d and 
emitted from the light emitting face 2c. After light thus 
emitted is diffused by the diffuser 6, the direction of light is 
corrected through lenses 7 and 8, and then light is further 
diffused by the diffuser sheet 9. Finally, light is applied onto 
the liquid crystal display panel (A). 

Such a prior art lighting device is adapted to reflect light 
irregularly by means of plural dot patterns 2d and hence 
involves a problem of a high loSS of light due to Scattering 
of light. For this reason, Such a loss of light must be 
compensated for by enhancing the output power of light 
Sources 3 or increasing the number of light Sources 3 used, 
thus resulting in the device upsized as a whole with an 
increased cost. 

Accordingly, it is a main object of the present invention 
to provide a planar lighting device which is capable of 
realizing a higher luminance without incurring inconve 
niences Such as upsizing of the device. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
planar lighting device comprising: 

a light guide plate having a pair of opposite light entry 
faces, a light emitting face extending perpendicularly to 
the light entry faces, a plurality of hemispherical Sur 
faces formed on the light emitting face, and a light 
non-emitting face opposite to the light emitting face; 

a light Source disposed to extend along each of the light 
entry faces, 

a reflector for reflecting light from the light Source toward 
a respective one of the light entry faces, 

a reflecting plate disposed to extend along the light 
non-emitting face for reflecting light leaking from the 
light guide plate toward the light guide plate; and 

a lens sheet disposed to extend along the light emitting 
face and formed with a plurality of first ridges extend 
ing parallel with the light entry faces on a face thereof 
opposite to the light emitting face, the first ridges each 
having a triangular Section. 
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2 
When the light sources 14 of the planar lighting device 

thus constructed according to the present invention are 
turned ON, light from the light Sources enters the light guide 
plate from the light entry faces either directly or via respec 
tive reflectors. Light in the light guide plate passes through 
a wall Surface of the light guide plate and is emitted to the 
outside when the angle of incidence on the wall Surface 
meets a predetermined condition. The reflecting plate 
reflects light leaking from the light non-emitting face to 
return it into the light guide plate. Light emitted from the 
light emitting face becomes incident on the lens sheet. The 
direction of light incident on the lens sheet is corrected to a 
direction perpendicular to the light emitting face by means 
of the first ridges, and then light is applied to a liquid crystal 
display panel coupled with the lighting device. 

Light reflected by the hemispherical Surfaces of the light 
emitting face and light passing through the hemispherical 
Surfaces are regularly directed So as to advance in a prede 
termined direction and, therefore, there is no possibility of 
scattering of light which would otherwise be caused by dot 
patterns provided in the prior art. Further, Since light emitted 
from the hemispherical Surfaces exhibits directionality with 
an inclination relative to the light emitting face at a prede 
termined angle, the direction of Substantially the whole of 
light incident on the lens sheet is corrected to the direction 
perpendicular to the light emitting face by means of the first 
ridges. 

Since the direction of light is corrected by both the 
hemispherical Surfaces of the light emitting face and the first 
ridges of the lens sheet, the efficiency of light Supply to the 
liquid crystal display panel can be improved by leaps and 
bounds. 

Preferably, the planar lighting device further comprises a 
plurality of Second ridges formed on the light non-emitting 
face of the light guide plate to extend in a direction perpen 
dicular to the first ridges, the Second ridges each having a 
triangular Section, and a diffuser sheet disposed to extend 
along a light emitting face of the lens sheet. 
With this feature, the direction of light is further corrected 

by the Second ridges and, hence, the efficiency of light 
Supply to the liquid crystal display panel can be further 
enhanced. 

In a preferred embodiment of the present invention, the 
planar lighting device further comprises a reflection-type 
polarizing film which allows one polarized component of 
light from the lens sheet to pass therethrough but reflects 
other polarized component of the light, the reflection-type 
polarizing film being disposed to extend along a light 
emitting face of the lens sheet. 
With this feature, only one of p-polarized light and 

S-polarized light is Superposed on itself and applied onto the 
liquid crystal display panel and, hence, the luminance of the 
liquid crystal display panel can be further enhanced. 

In another preferred embodiment of the present invention, 
the light emitting face of the light guide plate is formed with 
a plurality of projections each having an outward Surface 
forming each of the hemispherical Surfaces. 

According to this feature, the outward Surface of each 
projection forms each of the hemispherical Surfaces. 

In an alternative preferred embodiment of the present 
invention, the light emitting face of the light guide plate is 
formed with a plurality of depressions each having an 
internal Surface forming each of the hemispherical Surfaces. 

According to this feature, the internal Surface of each 
depression forms each of the hemispherical Surfaces. 
The foregoing and other objects, features and attendant 

advantages of the present invention will become apparent 
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from the following detailed description of the present inven 
tion when read in conjunction with the accompanying draw 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing one embodiment of 
the present invention; 

FIG. 2 is a graph representing the relationship between the 
distance from a light Source and the amount of light; 

FIG. 3 is a schematic view illustrating a state of light 
passing through a hemispherical Surface and a lens sheet; 

FIG. 4 is a perspective view showing another embodiment 
of the present invention; 

FIG. 5 is a perspective view showing yet another embodi 
ment of the present invention; 

FIG. 6 is a Schematic view illustrating a Superposed State 
of one component of light in the embodiment shown in FIG. 
5; 

FIG. 7 is a view illustrating a method of manufacturing a 
light guide plate; 

FIG. 8 is a perspective view showing a replica plate; 
FIG. 9 is a view illustrating a method of manufacturing a 

liquid guide plate of another type, 
FIG. 10 is a view illustrating a method of manufacturing 

a liquid guide plate of yet another type; 
FIG. 11 is a view illustrating a method of manufacturing 

a replica plate; 
FIG. 12 is a view illustrating another method of manu 

facturing a replica plate; 
FIG. 13 is a diagram showing the relationship between a 

pattern used for a flat light guide plate and a blasting 
preSSure, 

FIG. 14 is a diagram showing the relationship between a 
pattern used for a wedge-shaped light guide plate and a 
blasting pressure; 

FIG. 15 is a view illustrating a blasting pressure control 
method; 

FIG. 16 is a view illustrating a blasting pressure control 
method employed in an experiment; 

FIG. 17 is a graph showing a change in blasting pressure 
in the experiment; and 

FIG. 18 is a perspective view showing a conventional 
planar lighting device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention will now be described in detail with 
reference to the accompanying drawings. 

Referring first to FIG. 1 showing a planar lighting device 
10 as one embodiment of the present invention, the lighting 
device 10 is of the type for use as a backlight for illuminating 
a liquid crystal display panel (A) Such as used in a TV Set 
or a computer display from behind and includes a light guide 
plate 12, light Sources 14, reflectors 16, a reflecting plate 18, 
a lens sheet 20, and the like. 
The light guide plate 12 is formed from a translucent 

material Such as an acrylic resin and has light entry faces 12a 
formed on opposite laterals Sides thereof, a light emitting 
face 12b formed on an upper Side thereof, and a light 
non-emitting face 12c formed on a lower side thereof. The 
light emitting face 12b is formed with a plurality of projec 
tions 22 each having a Smooth hemispherical outward Sur 
face forming a hemispherical Surface 22a. The diameter and 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
the height of each projection 22 are established So as to 
become larger and higher as the projection 22 is situated 
closer to the center of the light emitting face 12b, or to 
become Smaller and lower as the projection 22 is situated 
closer to an edge of the light emitting face 12b, in order for 
the amount of light to become even over the entire light 
emitting face 12b. 

It should be noted that an optical pattern formed by the 
projections 22 is variable depending upon the shape and the 
Size of the light guide plate 12 and hence is not limited to the 
optical pattern used in this embodiment. 
The light Sources 14 are each disposed to extend along a 

respective one of the light entry faces 12a of the light guide 
plate 12. The reflecting plate 18 is disposed to extend along 
the light non-emitting face 12c, while the lens sheet 20 
disposed to extend along the light emitting face 12b. Further, 
reflectors 16 are each disposed to cover a respective one of 
the light Sources 14. 

Each of the light Sources 14 is adapted to apply light to the 
entire Surface of each light entry face 12a and comprises a 
cold cathode tube, a fluorescent lamp, a halogen lamp or the 
like. As shown in FIG. 2, the output power of each light 
Source 14 is established so that the maximum throw of light 
emitted from each light Source 14 becomes Substantially 
equal to distance L from the light Source 14 disposed to 
extend along one light entry face 12a to the other light entry 
face 12a. This arrangement makes it possible to avoid 
wasteful consumption of light and hence enhance the effi 
ciency of utilization of light. 

Each of the reflectors 16 is adapted to reflect light emitted 
from a respective one of the light Sources 14 toward a 
corresponding light entry face 12a and is formed to have a 
Semicylindrical shape using a specularly-reflective material 
Such as a metal foil or an irregularly-reflective material Such 
as a white PET film. 
The reflecting plate 18 is adapted to reflect light leaking 

from the light guide plate 12 toward the light guide plate 12 
and is formed from a specularly-reflective material or an 
irregularly-reflective material. 
The lens sheet 20 serves to correct the direction of light 

to a direction Substantially perpendicular to the light emit 
ting face 12b of the light guide plate 12 and is formed from 
a translucent material Such as an acrylic resin. The lower 
Side of the lens sheet 20, i.e., the Side opposite to the light 
emitting face 12b of the light guide plate 12, is formed with 
a plurality of first ridges 20a extending parallel with the light 
entry faces 12a of the light guide plate 12, the first ridges 
20a each having a triangular Section. The first ridges 20a 
Serve to change the direction of light. 
When the light sources 14 of the planar lighting device 10 

disposed at the back of the liquid crystal display panel A are 
turned ON, light from each light source 14 enters the light 
guide plate 12 from each light entry face 12a either directly 
or via respective reflector 16 and advances in the light guide 
plate 12 while being reflected by a wall surface of the light 
guide plate 12. Light in the light guide plate 12 is emitted to 
the outside through the wall Surface when the angle of 
incident of light on the wall Surface of the light guide plate 
12 meets a predetermined condition. The reflecting plate 18 
reflects light leaking from the light non-emitting face 12b to 
return it into the light guide plate 12. Light emitted from the 
light emitting face 12b becomes incident on the lens sheet 
20. The direction of light incident on the lens sheet 20 is 
corrected to a direction perpendicular to the light emitting 
face 12b by means of the first ridges 20a So that light is 
applied to the liquid crystal display panel (A). 



US 6,767,105 B2 
S 

Light reflected by the hemispherical surfaces 22a of the 
projections 22 formed on the light emitting face 12b and 
light passing through the hemispherical Surfaces 22a are 
regularly directed to advance in a predetermined direction 
and, hence, there is no loSS of light due to Scattering of light 
at the hemispherical Surfaces 22a. Further, Since light emit 
ted from the hemispherical Surfaces 22a is inclined at a 
predetermined angle (about 70') relative to the light emitting 
face 12b as shown in FIG. 3(A), the direction of Substan 
tially the whole of light incident on the lens sheet 20 is 
corrected to the direction perpendicular to the light emitting 
face 12b by means of the first ridges 20a. 
As shown in FIG. 3, light incident on the lens sheet 20 is 

gathered not in a direction parallel with the first ridges 20a 
(hereinafter referred to as “Y direction') but in a direction 
perpendicular to the first ridges 20a (hereinafter referred to 
as "X direction' and, hence, light gathered in the X direction 
provides a narrow viewing angle in the X direction (see FIG. 
3(A)) and a wide viewing angle in the Y direction (see FIG. 
3(B)) when it is applied to the liquid crystal display panel 
(A). 

This embodiment is capable of correcting the direction of 
light by means of the hemispherical Surfaces 22a of the light 
emitting face 12b and the first ridges 20a of the lens sheet 
20 both and hence makes it possible to enhance the effi 
ciency of light Supply to the liquid crystal display panel (A) 
by leaps and bounds. Thus, this embodiment provides a 
lighting device capable of realizing a higher luminance 
easily without the need to enhance the output power of the 
light Sources 14 or increase the number of light Sources 14. 
Further, with this embodiment it is possible to downsize the 
planar light device 10 as well as to reduce the cost signifi 
cantly. 
A planar lighting device 24 shown in FIG. 4 as another 

embodiment of the present invention is a lighting device 
improved from the planar lighting device 10 shown in FIG. 
1. This planar lighting device 24 has a plurality of Second 
ridges 12d formed on light non-emitting face 12c of light 
guide plate 12, the Second ridges 12d each extending in a 
direction perpendicular to the light entry faces 12a, and a 
diffuser Sheet 26 extending along the upper Side, i.e., the 
light emitting face, of lens sheet 20. Since first ridges 20a of 
lens sheet 20 are formed to extend parallel with light entry 
faces 12a, the first ridges 20a and the Second ridges 12d 
extend perpendicular to each other. The Second ridges 12d 
may be shaped So that crests and roots alternate continuously 
as shown in FIG. 4 or intermittently. 

In the planar lighting device 24 light incident on the light 
guide plate 12 is gathered in the Y direction by means of the 
Second ridges 12d. Light thus gathered is emitted from the 
light emitting face 12b and applied onto the liquid crystal 
display panel (A) through the lens sheet 20 and the diffuser 
sheet 26 when a predetermined condition is met. Since light 
is gathered in the X direction at the lens sheet 20 as 
described above, this embodiment provides narrow viewing 
angles in both the X direction and the Y direction, thereby 
enhancing the luminance in a direction perpendicular to the 
light emitting face 12b. When light having passed through 
the lens sheet 20 becomes incident on the diffuser sheet 26, 
the directionality of light is loosened, So that the intensity of 
light is rendered even over the entire surface of the diffuser 
sheet 26. 

A planar lighting device 28 shown in FIG. 5 as yet another 
embodiment of the present invention is a lighting device 
improved from the planar lighting device 24 shown in FIG. 
4. The lighting device 28 has a reflection-type polarizing 
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film 30 disposed to extend along the light emitting face of 
lens sheet 20. The reflection-type polarizing film 30 has a 
function of allowing one polarized component of incident 
light (p-polarized light or S-polarized light) to pass there 
through but reflecting the other polarized component 
(S-polarized light or p-polarized light). Thus, only one of 
p-polarized light and S-polarized light is emitted from the 
reflection-type polarizing film 30 in a Superposed fashion as 
shown in FIG. 6 and, therefore, the lighting device provides 
a further enhanced luminance in a direction perpendicular to 
light emitting face 12b. 

Such an arrangement employing reflection-type polariz 
ing film 30 may be applied to FIG. 1 embodiment, or the 
planar lighting device 10. 

Although each of the foregoing embodiments has light 
emitting face 12b formed with plural projections 22 each 
having an outward Surface forming each hemispherical 
Surface 22a, it is possible to provide light emitting face 12b 
with plural depressions each having an internal Surface 
forming each hemispherical Surface 22a instead of the 
projections 22. Since this arrangement also is capable of 
regularly directing light So that light advances in a prede 
termined direction, the lighting device makes it possible to 
prevent Scattering of light and hence provides an enhanced 
luminance. 
Method of Manufacturing a Light Guide Plate 

Light guide plate 12 used in each of the foregoing 
embodiments is characterized in that a plurality of hemi 
Spherical Surfaces 22a forming optical pattern 23 are formed 
on light emitting face 12b. Such a light guide plate 12 is 
manufactured using a manufacturing apparatus 32 as shown 
in FIG. 7. 
The manufacturing apparatus 32 includes a first mold 34, 

a Second mold 36, an injection device 38, and a replica plate 
40. 
The first mold 34 together with the second mold 37 

defines a cavity 42 and has a lateral Side formed with a gate 
34a, which communicates with the cavity 42 through a 
runner 34b extending through the first mold 34. 
The second mold 36 together with the first mold 34 

defines the cavity 42 and has an internal face formed with a 
fitting surface 36a for fitting the replica plate 40 thereon. The 
fitting surface 36a is smooth-finished so as to hold the 
replica plate 40 stably as well as to prevent the replica plate 
40 from deforming. Bolt holes (not shown) are defined at the 
peripheral edge of the fitting Surface 36a for threading 
engagement with bolts to Secure the replica plate 40. 
The first mold 34 and the second mold 36 are fixed to a 

mold plate not shown and are opened and closed by means 
of a hydraulic cylinder not shown. 
The injection device 38 is adapted to inject a molten 

Synthetic resin material (acrylic resin or the like) into the 
cavity 42 and includes an injection nozzle 38a to be con 
nected to the gate 34a. 
As shown in FIG. 8, the replica plate 40 comprises a 

plate-shaped body 40a of nickel or the like having a Surface 
formed with a pattern 44 corresponding to the optical pattern 
23 to be formed on the light emitting face 12b of the light 
guide plate 12. In the case where the optical pattern 23 is 
formed of a set of projections 22, dots 44.a forming the 
pattern 44 are depressions. Alternatively, in the case where 
the optical pattern 23 is formed of a set of depressions, dots 
44.a forming the pattern 44 are projections. 

In manufacturing the light guide plate 12 with use of the 
manufacturing apparatus 32, firstly the replica plate 40 is 
fitted to the fitting surface 36a of the second mold 36 with 
the bolts. The replica plate 40 may be fitted to the fitting 
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Surface 36a by any other method, Such as a method utilizing 
Suction by vacuum or a method employing a Stationary 
frame, than the method using Such bolts. 

Subsequently, the first mold 34 and the second mold 36 
are closed by means of a hydraulic cylinder not shown, and 
the injection nozzle 38a of the injection device 38 is 
connected to the gate 34a of the first mold 34. Then, the 
injection device 38 injects molten resin into the cavity 42. 
Since the molten resin fills the cavity 42 conformably with 
the pattern 44 of the replica plate 40, the resulting molten 
resin mass has a Surface formed with the optical pattern 23, 
which is the reverse of the pattern 44. After lapse of a 
predetermined time period from the injection of the molten 
resin, the first mold 34 and the second mold 36 are opened, 
and the light guide plate 12 thus molded is released from the 
molds. 

With this method by which the optical pattern 23 is 
formed using the replica plate 40, it is possible to manufac 
ture light guide plates having different optical patterns 23 
easily by merely changing the replica plate 40 for a Substi 
tute. 

The inventors of the present invention examined the 
qualities of respective light guide plates 12 manufactured by 
varying the thickness t (mm) of a thinnest portion of a 
14-inch replica plate 40 and the arithmetic mean roughness 
h (Ra) of fitting surface 36a and estimated the suitability of 
each of the light guide plates 12 for practical use. The results 
are shown in Table 1. 

TABLE 1. 

Thickness (mm) of Replica Plate 

O.6 O.8 1.O 1.2 1.4 1.6 

Arithmetic Mean 17.5 X X X A O O 
Roughness h (Ra) 8.75 X X A O O O 

6.3 X A O O O O 
3.2 X O O O O O 
1.5 A O O O O O 

O: good, A: ordinary, X: bad 

As seen from Table 1, the thickness t of a thinnest portion 
of a replica plate 40 having Suitability for practical use was 
0.8 mm or more. That is, if the thickness t is less than 0.8 
mm, the roughness h of the fitting surface 36a has to be 1.5 
Ra or less, which requires mirror polishing. This case is not 
practical from the Viewpoints of the cost and time needed for 
working. If the thickness t is 0.8 mm or more, on the other 
hand, it is Sufficient for the roughness h of the fitting Surface 
36a to assume 3.2 Ra or more, which does not require mirror 
polishing. In this case it is possible to reduce the cost for 
working and shorten the time period needed for working. 

In the case where a wedge-shaped light guide plate 12 is 
to be manufactured, it is possible to employ a manufacturing 
apparatus 46 having a wedge-shaped cavity 42 as shown in 
FIG. 9. In the case where a light guide plate 12 having 
opposite sides each formed with optical pattern 23 is to be 
manufactured, replica plates 40 may be fitted to opposite 
Surfaces of cavity 42, respectively. 
Method of Manufacturing a Replica Plate 
The method of manufacturing a light guide plate 

described above employs replica plate 40 having pattern 44 
as shown in FIG.8. Such a replica plate 40 is manufactured 
by the following first method or second method for example. 
<First Methods 

First, a matrix 50 is provided having a plurality of patterns 
48 each corresponding to the pattern 44 of an intended 
replica plate 40 as shown in FIG. 11(A). Subsequently, a 
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8 
nickel layer is grown on the surface of the matrix 50 to form 
a nickel plate 52 by an electroforming process as shown in 
FIG.11(B). When the thinnest portion of the nickel plate 52 
grows to a thickness of about 0.8 to about 15 mm, the nickel 
plate 52 is released from the matrix 50 as shown in FIG. 
11(C). The nickel plate 52 is then cut to a predetermined size 
to afford the replica plate 40 as shown in FIG. 11(D). 
The first method employing the electroforming process is 

capable of forming the pattern 44 of replica plate 40 accu 
rately. Further, the first method is free from a problem that 
the time period needed for the manufacture becomes too 
long because the thickness of the thinnest portion of the 
replica plate 40 is limited to 15 mm or less. 
<Second Methodd 

First, a plate-shaped material 54 is provided from which 
replica plate 40 is to be formed, and pattern 44 consisting of 
plural depressions 58 is formed on the surface of this 
plate-shaped material 54 with use of a blast nozzle 56 as 
shown in FIG. 12. 
The blast nozzle 56 is adapted to blast a spherical granular 

blast material 60 having a diameter of 100 um or less 
(preferably about 10 to about 50 um) against the surface of 
the plate-shaped material 54 at a predetermined pressure. 
The blast nozzle 56 is caused to reciprocate between one 
lateral side 54a and the other lateral side 54b of the plate 
shaped material 54 while pitching within a predetermined 
width. The diameter S and the depth H of each depression 58 
formed by the blast nozzle 56 are determined from the 
diameter and the blasting pressure of the blast material 60, 
respectively. If the diameter of the blast material 60 is fixed, 
the diameter S and the depth H increase with increasing 
blasting pressure or decrease with decreasing blasting pres 
Sure. The blasting pressure and the pitching width of the 
blast nozzle 56 are controlled by a control unit not shown to 
form a blast band (a) having a width corresponding to the 
pitching width on the Surface of the plate-shaped material 
54. 

In forming optical pattern 23 on a flat light guide plate 12 
as shown in FIG. 1, projections 22 need to have gradually 
increasing diameters and depths as they are situated closer to 
the center between the opposite light entry faces 12a. On the 
other hand, in forming optical pattern 23 on a wedge-shaped 
light guide plate 12 as shown in FIG. 9, projections 22 need 
to have gradually increasing diameters and depths as they 
are situated away from light entry face 12a and toward an 
opposite end face. Accordingly, the Surface of the plate 
shaped material 54 is formed with pattern 44 shown in FIG. 
13 or 14 corresponding to one of these optical patterns 23. 

Pattern 44 shown in FIG. 13 corresponds to the optical 
pattern 23 to be formed on the flat light guide plate 12. In 
forming the pattern 44 of this type, the blasting pressure of 
the blast nozzle 56 is gradually increased as the blast nozzle 
56 moves from end face 54c of the plate-shaped material 54 
toward the center of the material 54. On the other hand, 
pattern 44 shown in FIG. 14 corresponds to the optical 
pattern 23 to be formed on the wedge-shaped light guide 
plate 12. In forming the pattern 44 of this type, the blasting 
preSSure of the blast nozzle 56 is gradually increased as the 
blast nozzle 56 moves from end face 54c of the plate-shaped 
material 54 toward opposite end face 54d. In forming either 
pattern 44, the following blasting pressure control method is 
employed. 

First, regions (b1), (b2), . . . and (bx+1) including plural 
blast bands (a) are assumed on the Surface of the plate 
shaped material 54. For each of the regions b1, b2, ... and 
(bX+1), the amount of change (m1), (m2), ... or (mx+1) in 
the blasting pressure against blast bands (a) is set constant. 
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The difference {(mx+1)*(mx)} between the amounts of 
changes (mx) and (mx+1) in the blasting pressure applied to 
adjacent regions (bx) and (bx+1) is limited to 0.02 MPa or 
lower. Based on these values thus set, the formation of 
pattern 44 with the blast nozzle 56 is started from the blast 
band (a) situated closest to end face 54c. 

The relationship between the distance from end face 54c 
and the blasting pressure in this method can be represented 
as a graph in FIG. 13 or 14. The graph does not largely bend 
at any boundary between adjacent ones of the regions (b1), 
(b2), ... (bx+1). This is because the difference between the 
amounts of changes in blasting pressure is limited to 0.02 
MPa or lower. 

Thus, light guide plate 12 manufactured by the use of 
replica plate 40 obtained by this method does not exhibit any 
Steep change in the optical characteristics of its optical 
pattern 23 and, therefore, liquid crystal display panel (A) is 
free from any streaky unevenness which would otherwise be 
caused by light emitted from a conventional light guide 
plate. 

The inventors of the present invention confirmed the 
practicality of the Second method from the following experi 
ment. 
<Experiment> 

According to the Second method, 210 mm-long replica 
plate 40 was manufactured. With use of this replica plate 40 
wedge-shaped light guide plate 12 was manufactured to 
examine its optical characteristics. 

In the manufacture of the replica plate 40, 210 mm-long 
plate-shaped material 54 was provided, and blast nozzle 56 
was positioned at a location Spaced about 200 mm from the 
surface of the plate-shaped material 54. As shown in FIG. 
16, nine regions (b1) to (b9) were assumed on the surface of 
the plate-shaped material 54, while the amounts of changes 
in blasting pressure for respective regions (b1) to (b9) were 
determined. The difference between the amounts of changes 
in the blasting pressure applied to adjacent regions was 
limited to 0.02 MPa or lower. Further, an initial blasting 
pressure of 0.34 MPa and a pitching width of 2 mm in each 
region were established. Based on these values thus Set, the 
formation of pattern 44 with the blast nozzle 56 was started 
from the blast band (a) situated closest to end face 54c as 
shown in FIG. 12. 
More specifically, for region (b1) extending over a dis 

tance of from 0 to 60 mm from end face 54c, the amount of 
change in the blasting pressure applied to blast bands (a) was 
adjusted to 0.002 MPa to form depressions 58. For region 
(b2) extending over a distance of from 60 to 90 mm from the 
end face 54c, the amount of change in the blasting pressure 
applied to blast bands (a) was adjusted to 0.003 MPa to form 
depressions 58. That is, the difference between the amounts 
of changes in the blasting pressure applied to adjacent 
regions (b1) and (b2) was adjusted to 0.001 MPa. 

For region (b3) extending over a distance of from 90 to 
102 mm from the end face 54c, the amount of change in the 
blasting pressure applied to blast bands (a) was adjusted to 
0.005 MPa to form depressions 58. For region (b4) extend 
ing over a distance of from 102 to 114 mm from the end face 
54C, the amount of change in the blasting pressure applied 
to blast bands (a) was adjusted to 0.0075 MPa to form 
depressions 58. That is, the difference between the amounts 
of changes in the blasting pressure applied to adjacent 
regions (b2) and (b3) was adjusted to 0.002 MPa, while the 
difference between the amounts of changes in the blasting 
pressure applied to adjacent regions (b3) and (b4) was 
adjusted to 0.0025 MPa. In this way, all the regions (b1) to 
(b9) were formed with depressions 58 based on the values 
shown in FIG. 16. 
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Planar lighting device 10 was assembled using light guide 

plate 12 manufactured with the use of the replica plate 40 
thus obtained. Liquid crystal display panel (A) combined 
with the planar light device 10 did not exhibit any streaky 
UCWCCSS. 

The relationship between the distance from end face 54c 
and the blasting pressure according to this method was 
represented as a graph in FIG. 17. The graph did not largely 
bend at any boundary between adjacent ones of the regions 
(b1) to (b9). 
The planar lighting device of the present invention is 

constructed to reflect light regularly at the hemispherical 
Surfaces formed on the light guide plate and allow light to 
pass through the hemispherical Surfaces and hence is 
capable of minimizing a loSS of light due to Scattering of 
light. Since the hemispherical Surfaces can be molded inte 
grally with the body portion of the light guide plate, there is 
no need to provide Special parts Separately. Thus, the planar 
lighting device makes it possible to realize a higher lumi 
nance easily without incurring an increase in cost as well as 
to meet the demand for a larger-size Screen. 
While only presently preferred embodiments of the 

present invention have been described in detail, as will be 
apparent for those skilled in the art, certain changes and 
modifications can be made in embodiments without depart 
ing from the Spirit and Scope of the present invention as 
defined by the following claims. 
What is claimed is: 
1. A planar lighting device comprising: 
a light guide plate having a pair of opposite light entry 

faces, a light emitting face extending perpendicularly to 
the light entry faces, a plurality of hemispherical Sur 
faces formed on the light emitting face, and a light 
non-emitting face opposite to the light emitting face; 

a light Source disposed to extend along each of the light 
entry faces, 

a reflector for reflecting light from the light Source toward 
a respective one of the light entry faces, 

a reflecting plate disposed to extend along the light 
non-emitting face for reflecting light leaking from the 
light guide plate toward the light guide plate; and 

a lens Sheet disposed to extend along the light emitting 
face and formed with a plurality of first ridges extend 
ing parallel with the light entry faces on a face thereof 
opposite to the light emitting face, the first ridges each 
having a triangular Section. 

2. The planar lighting device according to claim 1, further 
comprising a plurality of Second ridges formed on the light 
non-emitting face of the light guide plate to extend in a 
direction perpendicular to the first ridges, the Second ridges 
each having a triangular Section, and a diffuser Sheet dis 
posed to extend along a light emitting face of the lens sheet. 

3. The planar lighting device according to claim 1 or 2, 
further comprising a reflection-type polarizing film which 
allows one polarized component of light from the lens sheet 
to pass therethrough but reflects other polarized component 
of the light, the reflection-type polarizing film being dis 
posed to extend along a light emitting face of the lens sheet. 

4. The planar lighting device according to claim 1, 
wherein the light emitting face of the light guide plate is 
formed with a plurality of projections each having an 
outward Surface forming each of the hemispherical Surfaces. 

5. The planar lighting device according to claim 1, 
wherein the light emitting face of the light guide plate is 
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formed with a plurality of depressions each having an 
internal Surface forming each of the hemispherical Surfaces. 

6. The planar lighting device according to claim 2, 
wherein the light emitting face of the light guide plate is 
formed with a plurality of projections each having an 
outward Surface forming each of the hemispherical Surfaces. 

7. The planar lighting device according to claim 2, 
wherein the light emitting face of the light guide plate is 
formed with a plurality of depressions each having an 
internal Surface forming each of the hemispherical Surfaces. 

12 
8. The planar lighting device according to claim 3, 

wherein the light emitting face of the light guide plate is 
formed with a plurality of projections each having an 
outward Surface forming each of the hemispherical Surfaces. 

9. The planar lighting device according to claim 3, 
wherein the light emitting face of the light guide plate is 
formed with a plurality of depressions each having an 
internal Surface forming each of the hemispherical Surfaces. 

k k k k k 


